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(57) CLAIM: 

1. A microwave plasma processing system comprising a microwave 
oscillator, a waveguide for transmitting microwaves from the 
microwave oscillator, and a metal container communicating with 
the waveguide and having an evacuation device and a gas 
introducing device, wherein the metal chamber is airtightly 
separated into an upper chamber and a lower chamber by a heat- 
resisting plate of a small dielectric loss, and wherein a 
dielectric layer is provided on an upper wall surface inside 
the upper chamber and at the communicating portion, for 
forming a microwave guiding path. 
DETAILED DESCRIPTION OF THE INVENTION 
(Field of the Invention) 

This invention relates to an improvement in a microwave 
plasma processing system. 
(Prior Art and Problems Thereof) 

The so-called low temperature plasma as generated by 
discharge of a low pressure gas accelerate a chemical reaction 
while maintaining the whole system at a low temperature and 
can be applied to both inorganic and organic materials , and is 
therefore utilized in various fields. In order to generate 
this plasma, a radio frequency (13.56 MHz) has been mainly 
used in the prior art research/development and practical 
systems. However, there has been pointed out the advantages 
in efficiency and simpleness of using microwaves (Hirose: 
"Microwave Discharge Plasma and System Therefor" , Coating 
Technique, 19, 1, (1980), pp. 100-105). 

The advantages are as follows : 
(1) The ratio Te/Tg of the electron temperature Te to the gas 
temperature Tg is large, and a plasma of a lower temperature 
can be obtained. 
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(2) Since no electrode is required, contamination due to 
electrodes can be prevented. 

(3) A microwave power can be locally introduced, and there in 
no unnecessary radiation loss to an outer space, so that a 
high density plasma can be generated. 

(4) The structure of an oscillator is simple. 

(5) Since microwaves are transmitted by a waveguide, there is 
no radiation loss and matching can be attained with a simple 
structure . 

Incidentally, there is a problem that of the prior art 
microwave plasma generation systems, the generator/processing 
chamber separation system in which a quarts tube is penetrated 
through a waveguide ( see the above document ) , and the electron 
cyclotron resonance system in which a magnetic field is formed 
in a microwave propagation direction and resonance is utilized 
(Matsuo, Kiuchi, Takahashi: ECR plasma CVD, Device Research 
Section of Electric Society, EDD-84-55, (1984), pp. 17-23, 
Japanese Patent Publication No. 58-37680) have a smaller 
processing area than the systems using high frequency. 

Further, as systems having a relatively large processing 
area, there are included (1) a system in which microwaves are 
introduced into a large plasma-generation chamber by use of an 
antenna ( JP-B-57-53858 , JP-A-57-9868 , JP-A-56-41382) , and (2) 
a system which utilizes a periodic structure (R. G. bosisio, 
C. F. Weissfloch, M. R. Wertheimer: The Large Volume Microwave 
Plasma Generator, J. Microwave Power, 7(4), 1972 ). 

However, for (1) above, matching with the antenna is 
difficult, and a plasma is liable to become nonuniform, so 
that the system becomes complicated for the improvement . 
Further, for (2) above, there is a problem that only a thin, 
long plasma can be generated (the document reported that a 
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plasma was generated within a quartz glass tube with an outer 
diameter of 19 mm) . 

This invention has been accomplished in view of the above 
mentioned problems and an object of this invention is to 
provide a microwave plasma processing system that can stably 
generate a large area, uniform plasma by use of microwaves 
with a relatively simple system structure. 
(Means for Solving the Problems) 

This invention is a microwave plasma processing system 
comprising a microwave oscillator, a waveguide for 
transmitting microwaves from the microwave oscillator, and a 
metal container communicating with the waveguide and having an 
evacuation device and a gas introducing device, wherein the 
metal chamber is airtightly separated into an upper chamber 
and a lower chamber by a heat-resisting plate of a small 
dielectric loss, and wherein a dielectric layer is provided on 
an upper wall surface inside the upper chamber and at the 
communicating portion, for forming a microwave guiding path, 
(action) 

Generally, microwaves will spread uniformly in a 
dielectric layer. Further, microwaves are reflected by a 
metal . 

With the system of this invention, microwaves will spread 
uniformly in a dielectric layer and are reflected by a metal 
portion of a metal container above the dielectric layer. 
Therefore, the electric field resulting from the action of the 
microwaves will be formed uniformly below the dielectric 
layer, namely on the side of the upper and lower chambers. 

Generally speaking, since the strength of the above 
electric field is almost uniform, when a plasma generating gas 
is introduced into the lower chamber kept in a vacuum state. 
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an almost uniformly distributed plasma is formed by the action 
of the electric field in the lower layer. 

Strictly speaking, since microwaves are also reflected by 
a metal portion of the metal container positioned in front of 
the dielectric layer in the microwave travelling direction, 
standing waves are present in the microwave travelling 
direction of the dielectric layer. Therefore, although the 
strength of the electric field will comprise large and small 
portions in the microwave travelling direction, the generated 
plasma will diffuse rapidly, with the result that the 
distribution of the plasma in the lower chamber will become 
uniform. 

Thus, with the present system, a plasma can be generated 
uniformly over a large area, so that a system with a large 
processing area can be obtained. 

The present system having this advantage can be applied 
to chemical vapor deposition, etching, etc. for surfaces of 
not only a single article, a small size article but also 
plural articles and a large area article. 
(Example ) 

This invention will be described with reference to the 
attached drawings . 

In the figures, reference numeral 1 denotes a microwave 
oscillator, from which microwaves of, e.g., 24 5 GHz are 
generated and are transmitted through a waveguide 2 (WRI-22, 
109.22 mm x 54.61 mm). 

Reference numeral 3 denotes a metal container, which 
communicates with the waveguide at its upper part and is 
divided into upper and lower portions with a heat resisting 
plate with a small dielectric loss such as a quartz glass 
plate 4. In the example shown in the figures, the lower 
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chamber 7 is constituted airtightly so as to keep a high 
vacuum. Further, on an upper wall surface inside the upper 
chamber 5 separated by the quartz glass plate 5 and at the 
communicating portion between the upper chamber 5 and the 
waveguide 2 , there is provided a dielectric layer 6 comprised 
of, e.g., polytetraf luoroethylene (dielectric constant 2.08), 
for forming a microwave guiding path. 

In this example, the length of the dielectric layer 6 in 
the microwave travelling direction is set to m/2 (m: integer) 
times the wavelength X of the surface wave of the dielectric 
layer 6, and the metal chamber 3 is constituted so as to have 
a resonator structure. An example of the size is 1075 mm in 
length, 200 mm in width and 20 mm in thickness. Here, of the 
various dimensions of the dielectric layer 6, the thickness is 
important. This is because determination of the thickness of 
the dielectric layer 6 has a significant influence on whether 
a uniform plasma is generated or not. That is, the thickness 
of the dielectric layer 6 is closely related to the frequency 
of microwaves, and when the microwave frequency is 2.45 GHz, 
it is preferable that the thickness is 20 mm or less. 
Incidentally, since the frequency and the dimensions of the 
dielectric layer 6 are in a relationship of inverse 
proportion, when using microwaves of, e.g., 10 GHz, the 
thickness is made 5 mm or less. 

Although the above example is described with regard to 
use of polytetraf luoroethylene for the dielectric layer 6, 
this invention is not limited thereto, and it is needless to 
say that polystyrene (dielectric constant 2.56), polyethylene 
(dielectric constant 2.35), etc. may be used. In this case, 
the length of the resonator (1075 mm for the above example) 
needs to be suitably changed. 
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In the above example, the shape of the dielectric layer 6 
at t he communica ting port ijonMbet ween the^pper n ^hay^^ 
the^ w aveguide 2 is made so as to have an inclination as shown 
in Fig. 3 in order to minimize the reflection of microwaves at 
the dielectric layer 6 . An example of the length of the 
dielectric layer at the communicating portions is 1/4 of the 
guidewavelength X for both the inclined portion and the 
rectangular parallelopiped portion and k/4 for the inclined 
portion on the upper chamber 5 side. However, it is a matter 
of course that the shape of the layer at the communicating 
portion is not particularly limited as is the case with the 
above . 

Further, inside the lower chamber 7 separated by the 
quartz glass plate 5 (having approximately the same width as 
the upper chamber 5 in this example, but more preferably 
having approximately the same width as the dielectric layer 
6), namely in the plasma generation chamber (1000 mm in 
length, 200 mm in width and 500 mm in height; the distance 
between the quartz glass plate 4 and the surface of the 
dielectric layer 6 being 15 mm) , there is inserted a quartz 
glass container 8 such that internal damage due to plasma and 
contamination of the processing article can be obviated. 
Further, instead of inserting the quartz glass container 8, 
water- cooling the side wall of the lower chamber 7 enables 
prevention of internal damage and contamination. This makes 
it possible to carry out processing of electronic materials 
(amorphus Si formation. Si wafer nitridation or oxidation, 
etc.) with high quality. 

Incidentally, reference numeral 10 in the figures denotes 
a heater provided in the bottom of the lower chamber 7, for 
heating the processing article 9 to a desired temperature in 
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chemical vapor deposition, 11 is a gas introducing device 
having a gas cylinder 12 and a flow meter 13, and 14 is an 
evacuation device. The metal container 3 is not necessarily 
made of a metal as long as it does not transmit microwaves and 
may be made of a nonmetal coated with a conductive film of a 
metal or the like, a nonmetal provided with an outer layer of 
water, and so on. Figs. 4 and 5 show another example in which 
the width of the upper wall provided with the dielectric layer 
of the upper chamber 5 is made larger than the width of the 
dielectric layer and no side walls are provided. This 
configuration makes uniform the electric field on the 
polytetraf luoroethylene. Although this example is described 
by referring to the system having the upper chamber 5 and the 
lower chamber 7 structured integrally, it is needless to say 
that the chambers may be separated. 
(Effect of the Invention) 

As described above, according to this invention, since a 
plasma can be generated uniformly over a wide area by the 
action of the dielectric layer, it is possible to process a 
large amount of an article at once and to process an article 
of a large size. Further, since matching can be attained 
easily, the structure of the system can be made simple. 
[Brief Description of the Drawings] 

The figures show an example of the microwave plasma 
processing system according to this invention; Fig. 1 is a 
central longitudinal sectional view of a front view; Fig. 2 is 
a I-I sectional view of Fig. 1; Fig. 3 is a view showing an 
example of the shape of a dielectric layer provided at a 
communicating portion between a waveguide and an upper 
chamber; Fig. 4 is a view showing another example of the 
shape; and Fig. 5 is a II-II sectional view of Fig. 4. 
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1: microwave oscillator, 2: waveguide, 3: metal 
container, 4: quartz glass plate, 5: upper chamber, 6: 
dielectric layer, 9: processing article, 10: heater, 11: gas 
introducing device, 14: evacuation device. 
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